The repellency and fumigant toxicities of the peel essential oils of Citrus sinensis var. pêra (LP), C. sinensis var. mimo (LM), and C. aurantium (LL) cultivated in northeast Brazil were evaluated against Tetranychus urticae. Analysis of the oils by GC and GC/MS led to the identification of twenty-eight components, which represented 99.9%, 99.7% and 99.3% of the total constituents of the LP, LM and LL oils, respectively. Limonene was the main component found in all three oils. Other main components were α-pinene (1.5% in LP; 1.4% in LM), myrcene (5.7% in LP; 5.9% in LM and 5.6% in LL) and linalool (2.4% in LP; 2.3% in LM and 3.9% in LL). The best repellency action was observed for LM at 2.0%, followed by LL oil and eugenol, both of them at 2.5%. The Citrus oils were less active than eugenol (LC 50 = 0.004 µL/L air) and phosphine, which revealed 100% mortality at 2x10 -3 g/L (66.7% of the recommended dose). However, the most potent fumigant toxicity was found with LL oil, with an LC 50 value of 1.63µL/L air, followed by the oils from LM and LP with LC 50 values of 2.22 µL/L air and 4.63 µL/L air, respectively. The associated fumigant and repellent properties of these Citrus peel oils, particularly those of C. aurantium and C. senensis var. mimo, could be used to advantage for the control of T. urticae.
The two spotted spider mite (Tetranychus urticae) is considered to be one of the main plagues in the world [1] . It occurs in tropical and temperate climates, in both greenhouses and fields. In Brazil, this plague has already been registered in many states from the north to the south of the country. In Pernambuco, its occurrence was registered for the first time in 1985, after the beginning of irrigated cultivation in the municipality of Petrolina. Since then, this mite has caused considerable damage, attacking plants of ornamental and agricultural interest [1] . Reduction in the levels of this plague's adult and immature forms has been made by repeated applications of conventional acaricides, which are frequently associated with residues that are dangerous to human consumption and also to the environment. In order to establish new control practices with lower mammalian toxicity and low persistence in the environment, essential oils extracted from plants have been widely tested as an alternative to these synthetic insecticides [2] . In this role, the essential oils from Citrus species have been reported for their insecticidal properties against various arthropods of agricultural [3] [4] [5] , human medicinal [6, 7] and veterinary interest [8, 9] .
The only work related to toxicity of Citrus oils to T. urticae was the evaluation of commercial oils from eight species of Citrus using filter paper diffusion bioassays against adult mites [5] . In this paper, we describe a laboratory investigation of the repellency and fumigant toxicities against T. urticae of three Citrus fruit peel essential oils from plants cultivated in northeast Brazil, using a two-choice test for repellent action, and a fumigation method for toxicity. The results were compared with the repellent and lethal activities of eugenol (natural insecticide) and the lethal activity of phosphine (synthetic fumigant insecticide). Among the different Citrus taxa cultivated in Brazil, oranges popularly known as "laranja pêra" (C. sinensis var. pêra), "laranja mimo" (C. sinensis var. mimo), and "laranja lima" (C. aurantium) are the most popular fruits consumed. Although much of the chemistry of Citrus oil components has been reported [10] [11] [12] , the peel essential oils of the Citrus species cultivated in Brazil have not been previously very well studied.
The oil yields obtained by hydrodistillation from the peels of the three investigated Citrus varied from 0.4% to 1.4%. The highest yield was from "laranja mimo" (1.4%). The components characterized, their yields and the optical rotations of the oils are listed in Table 1 in order of their elution from the non-polar DB-5 column.
The results shown in Table 1 indicate great similarities in the chemical profile, varying only in the percentages of the Citrus oils' chemical constituents, mainly concerning the two varieties: "mimo" and "pêra". Twenty-eight compounds were identified, representing 99.9%; 99.7% and 99.3% of the total in the "pêra", "mimo" and "lima" oranges. Monoterpene hydrocarbons predominated in all the Citrus oils, followed by sesquiterpene hydrocarbons. Limonene was the main component of all samples, with a mass concentration that varied from 76.2% to 86.1%. The greatest percentage of limonene was observed in the "pêra" (86.1%) and "mimo" (84.6%) varieties. Other compounds found in significant quantities were myrcene (5.7%; 5.9% and 5.6%) and linalool (2.4%; 2.3% and 3.9%), respectively in the "pêra", "mimo" and "lima" orange oils.
The highest percentage of sesquiterpenes was observed in the "lima" orange oil (4.7%). β-Bisabolene, α-cis and trans-bergamotene were not identified in the "pêra" and "mimo" orange oils. On the other hand, the sesquiterpenes, α-copaene and α-cadinene were not found in the "lima" orange oil. The high contents of limonene in the Brazilian orange oils were in agreement with published reports of plants growing in different regions of the world [13] [14] [15] [16] , including Brazil [17, 18] .
The results of the repellency tests with the Citrus oils and the positive control, eugenol, are shown in Table 2 .
Of the three essential oils screened, only C. sinensis var. pêra did not seem to have a significant activity against T. urticae. Since the main component of the three investigated Citrus species is limonene, the results showed in Table 2 suggest that the minor constituents of the Citrus oils are likely to provoke the different responses to the mite.
The resin and fruit oils from a Protium species were repellent to the two spotted spider mite at a concentration of 0.5% [19a, b] . A repellent activity was observed with the peel oil of C. sinensis and C. aurantium on another insect pest, but with a different methodology. Use of 0.1 mL of C. sinensis oil produced a 73% repellent effect on the storage pest, Tribolium castaneum [20] , and C. aurantium peel oil at 500 µg/cm 2 repelled 97.0% of Liposcelis bostrychophila [21] . The observed differences between our results and those described above seem to be reasonable because of the different plant species and insects used, possible variations in the chemical compositions of the essential oils, and different methodology used. 0.004 (0.002-.009)c 3.94 -LP = laranja pêra (C. sinensis var. pêra); LM = laranja mimo (C. sinensis var. mimo); LL = laranja lima (C. aurantium); EU = eugenol; n = number of mites/dose; C.I.= Confidence Interval; RT = toxicity ratio; χ 2 chi-square; Column followed by the same letters are not significant (p = 0.05).
The peel oils of Citrus species showed variable toxicity to the adult stage of T. urticae, depending on plant species and concentration. The fumigant activity of the three Citrus peel oils and eugenol is summarized in Table 3 and Figure 1 .
The conventional acaricide, phosphine, at 66.7% of the recommended dose, promoted 100% mortality of the adult mites. As shown in Figure 1 , comparing the toxicities of the Citrus oils with the natural positive control, eugenol, showed that the mites were more sensitive to eugenol (1.2 µL/L air) than the oils from C. aurantium (6.0 µL/L air), and C. sinensis var. mimo and pêra (8.0 µL/L air) ( Figure 1 ).
The estimated LC 50 values for the two varieties of orange did not differ statistically. Among the Citrus oils tested in this work against T. urticae, laranja lima was more toxic (LC 50 = 1.63 µL/l air) ( Table 3) .
Differential susceptibility of adult T. urticae to commercially available essential oils from C. sinensis and C. aurantium has already been reported. The results for these two species reported by Choi et al. [5] revealed weak acaricidal activity, when compared with our data (Table 3 and Figure 1 ). They showed that at 19x10 -3 µL/mL, the C. sinensis and C. aurantium oils were responsible for only 61% and 68% mortality, respectively. However, in this current work against the same pest, the oils of the Citrus species tested needed much smaller quantities to promote a much higher percentage of mortality (Figure 1) .
The different fumigant activity of the essential oils from different parts of Xylopia sericeae on adult T. urticae was observed by Pontes et al. [22] . In our study, the Citrus peel oils (Table 3) were much more effective against T. urticae than the oils from Xylopia. However, acaricidal activity of the essential oils from C. aurantium and C. sinensis against other types of mite has also been studied. Kim et al. [23] showed that the essential oil from two varieties of C. aurantium (bitter orange and petitgrain) promoted weak activity on Tyrophagus putescentia at 1 mg/mL (≤40% mortality). In another investigation, Chungsmarnyart and Jansawan [9] tested the peel oil from C. sinensis against cattle ticks (Boophilus microplus), and observed 99% mortality at 1:5 dilution of the oil in ethanol. Seven commercially-available Citrus oils were assessed against poultry red mite (Dermanyssus gallinae). Lime dis 5F oil (C. aurantifolia) gave 100% mortality at 0.07 mg/cm 2 , whereas the other six Citrus species, including C. aurantium var. amara, were almost ineffective at the same concentration [24] . These data, when compared with our results, showed them to be less toxic to arthropods. It is suggested that either the qualitative and/or quantitative chemical composition of the peel oils from the Citrus species tested or the methodology may be different.
The peel essential oils from Citrus species were shown here to possess insecticidal properties. These might be attributable to well-known toxic monoterpenoids present in the peel oils, such as limonene [25, 26] , myrcene [27] , linalool [26, 28] and α-pinene [28] .
Our study demonstrated that the peel essential oils were effective against adult T. urticae without direct contact.
These results indicate that the oils' mode of delivery was caused by action in the vapor phase, due to penetration via the respiratory system. In particular, C. sinensis var mimo and C. aurantium showed potent acaricidal activity, but they were less effective than the controls, eugenol and phosphine.
The fumigant action associated with the repellency activity of these oils could be an advantage for the integrated management of T. urticae. For practical use of these oils as novel fumigants to proceed, further research is required on safety issues for human health and formulation to improve the insecticidal potency, stability and beneficial cost. 
Isolation of essential oil:
The essential oils from fresh rind tissue of the fruits of each taxa (100 g) were separately isolated using a modified Cleavenger-type apparatus by hydrodistillation for 2 h. The oil layers obtained were separated and dried over anhydrous sodium sulfate, stored in hermetically sealed glass containers and kept at + 5ºC before acaricidal assay and analysis. The total oil yield was expressed as percentage (g/100g of fresh plant material). Repellence assay: The repellence tests were adapted from the method described by Kogan and Goeden [32] . Bean leaf disks 4.5 cm in diameter were used. Half of the disk was immersed for 5 s in an ethanol solution of the oils. The tested concentrations varied from 0.10 to 5%. After drying at room temperature, the other half was immersed in ethanol and served as the control. Each half disk was immersed in such a way as to leave a 0.3 cm area intact between the two halves, where the mites were initially placed. The leaf was placed on a paper filter on a polyethylene foam disk and then the entire arrangement was placed on a Petri dish containing water. Each disk was infested with 10 female T. urticae adults. Each treatment was repeated 10 times. The evaluation was made after 24 h, by counting the number of mites present on each half of the leaf. The mites found in the neutral area during the test were considered as being either repelled or attracted according to their proximity to the treatment's control. The repellence index (RI) of the oils was calculated according to the equation: RI = 2G/(G + P), where G = the number of mites in the treatment and P = the number of mites in the control. The confidence interval for classifying the oils was obtained based on the mean of RI values and the respective standard deviation (SD). For a mean RI value lower than 1 -SD, the oils were considered repellent, whereas for a mean RI value higher than 1 + SD, the oils were attractive and for the mean value between 1 -SD and 1 + SD, the oils were considered neutral.
